SUMMARY Four hundred and forty-nine children with he ghts below -2-5 SD were ident fied by screening for height a total population of 48 221 in three Scottish cities. Children participating in the study could be classified into 5 groups: severe growth hormone deficiency (n = 13), partial growth hormone deficiency (n = 25), low birthweight short stature (n = 34), constitutional short stature (n = 178), and short stature associated with some underlying disease (n = 106). Children with growth hormone deficiency tended to be shorter, were more likely to be obese, were growing more slowly, more often were the products of an abnormal pregnancy, and were less socially disadvantaged than constitutionally short children. Their parents were also more likely to have sought medical advice about the short stature. These findings have important implications for improved casefinding of children suffering from growth-hormone deficiency, who in this study accounted for about 10 % of all short but otherwise normal children who came from non-disadvantaged communities.
Previous reports1 2 of the differences in physical characteristics between children with growthhormone (GH) deficiency and constitutional short stature have been based on very short children referred to hospital clinics and may have been unrepresentative of such children generally. Any differences may therefore have been affected by bias. The present report is based on a cohort of very short children identified by screeninig a defined population of schoolchildren for short stature. The primary objective of the study was to determine the cause of short stature in every child but this paper reports on differences in physical characteristics, perinatal histories, and social backgrounds that were noted between children with GH deficiency atd those with constitutional short stature.
Materials and method
For the purposes of this study, children were defined as having short stature if their height standard deviation (SD) score, based on the standards of Tanner et al.,3 was < -2-5. Height SD scores were calculated as follows: 922 SD score = X -X/SD X = child's height (mm) X, SD = mean and standard deviation appropriate for age and sex. The heights of all 2nd-and 3rd-year primary pupils attending education authority schools and some attending independent schools in Edinburgh, Glasgow, and Aberdeen were screened during 5 months in 1975-76. In Aberdeen 4th-year pupils too were screened. (An unknown (but small) amount of within-city migration took place during the screening, particularly in Glasgow, where measurements took 3 months to complete, which resulted in some children being measured twice and others not at all.)
With shoes removed, each child was measured while standing in the classroom, by one of the investigators (GVV) using a Harpenden portable anthropometer. Any child with severe physical handicap was measured lying down. The smallest children in each age group were then measured again by the same investigator, this time using the technique recommended by Tanner et al.1 with a wallmounted stadiometer transported in a purpose-built mobile clinic. The accuracy of the stadiometer was checked at each school, and the reliability of the measurements was confirmed by finding that when 28 children from one school were measured on successive days, 95 % of repeat heights were within 4.5 mm.
The numbers of children in each class and the numbers absent were obtained from the teacher who also was able to give personal details of the children measured with a stadiometer. Schools were visited again so as to measure any absentee thought by his teacher to be small.
Attempts were then made to get into contact with the parents of all children with short stature. The initial contact was by post, and any non-responder was followed up personally and told about the study and the possible benefits for the child. With parental consent, information about appreciable medical conditions was sought from general practitioners and paediatricians who had treated the child.
Later, generally at the child's school, details of any previous major illness or medical investigation on the child were obtained by interviewing one parent (often the mother) or both of them. This interview, carried out by one of three speciallytrained interviewers, was based on a previously tested precoded interview schedule. It also sought to elicit information about the child's perinatal history and social background. Parents were asked if they had been concerned about their child's short stature and whether they had sought medical advice about it.
From information obtained at interview a 'social disadvantage score' was derived for each child based on indicators of social disadvantage previously described.19 One point was given for the presence of each of the following, resulting in a minimum score of 0 and a maximum score of 3: (a) only one parent, or five or more children in family; (b) low income family--that is family had at some stage been in receipt of Supplementary Benefit, or the child had been eligible for free school meals; (c) poor quality housing-that is more than 1 .5 persons per room, or no exclusive use of hot water.
At the same time the child underwent a careful physical and anthropometric examination. The height of one parent, or if possible both, was measured to the nearest centimetre using the anthropometer. All 18 mU/l in whom the height velocity over 12 months was less than the 25th centile for chronological age was admitted to hospital for an insulin hypoglycaemia test. All GH investigations were done in the same laboratory to satisfy high quality control criteria.7 An x-ray film of the left wrist and hand was also taken for subsequent bone age estimation8 by a trained reader (AFV).
Results pertaining to many of these investigations will be reported elsewhere.
If the mean and SD scores of variables in the diagnostic groups could be derived, between-group comparisons were made using Student's t test, unless small skewed samples were being compared in which case the Mann-Whitney U test was used.
If a child had been assigned to a centile ranking for a particular variable, a between-group comparison was made using a test for trend in proportions.18 The test statistic (c) is normally distributed and its significance can be read from tables of the normal distribution.
If binary variables were examined, between-group comparisons were made using a x2 test for two independent samples (corrected for continuity if appropriate).
Results
Four hundred and forty-nine children with short stature aged between 6-03 and 9-36 years were identified in a total screened population of 48 221 (Table 1) . Of these, 108 (24%) children had an organic basis (other than GH deficiency) for the short stature ( Neurological abnormalities (n = 39) Spina bifida (-3*7; -2*5 to -5-6) Cerebral palsy (-3 2; -2 25 to -5 1) Microcephaly (-3*0, -3 -2, -4 0) Arrested hydrocephalus (-2 6, -2 -7) Epilepsy and severe mental retardation (-3-4, -4-6) Hemiplegia (-2-5) Neurofibromatosis (-3-3)
Meningitis and nerve deafnesst (-2-7)
Non-specific severe mental retardation ( Tables 3 and 4 show the auxological, perinatal, and social background characteristics of these 4 groups. It is clear that the children with GH deficiency were shorter, were growing more slowly, had thicker skinfolds, and had less muscle bulk than those with constitutional short stature. Although boys with GH deficiency were noticeably smaller than their constitutionally short counterparts, girls with GH deficiency were no shorter than those with constitutional short stature. The children with GH deficiency were more likely to have been born post-term, to mothers aged under 20, who had had a complicated pregnancy, and to have had a normal birthweight than those with constitutional short stature. They also tended to be members of numerically smaller families suffering less from overcrowding and social disadvantage than the constitutionally short group. Additionally their parents were more likely to have sought medical advice about the child's short stature than those of the constitutionally short children.
One-third of the constitutionally short children were severely socially disadvantaged by our criteria. Since this group comprised the bulk of the study population it was not surprising to find that this group was closely linked with the social and economic environment. For instance, short stature was twice as common in Glasgow as in Edinburgh or Aberdeen, and was 7 times more common in children attending education authority schools than in those attending independent schools. Moreover within Glasgow, where there was a 20-fold variation in the rate of short stature between different postal districts (Figure) a significant correlation (Rs= 0-73, P < 0-01) was found between the prevalence of short stature and the frequency of previously described census indicators of urban deprivation. [10] [11] [12] In Edinburgh (Figure) where organic causes of short stature were more common, the correlation was less pronounced and failed to reach statistical significance (Rs = 0-41, P < 0 1). group.bmj.com on July 6, 2017 -Published by http://adc.bmj.com/ Downloaded from educationally subnormal were attended by only 0.58% of the population but accounted for 4.4% of all short children. Furthermore, in Glasgow a further 14 children with short stature were transferred to schools for the educationally subnormal because of their inability to cope with normal learning.
In this study children with low birthweight short stature were only slightly different from those with constitutional short stature. Indeed the only statistically significant difference between the groups in any of these parameters was the fact that a higher proportion of mothers of children of low birthweight had smoked cigarettes during the relevant pregnancy.
The range of height and height velocity in the 77 non-participating children was similar for those with constitutional short stature. Only 14% had heights : -3SD scores; only one girl (with a normal height velocity) was <-4SD score.
Discussion
The results of this study show some of the auxological, perinatal, and social background factors which tend to distinguish children with GH worth noting that 6 had other conditions which might have contributed to the short stature-such as coeliac disease, which has previously been reported to be associated with depressed GH responses,'5 and one each had asthma, probable fetal alcohol syndrome, and Russell-Silver syndrome. Could it also be that social deprivation'6 is an additional trigger to those described by Rona and Tanner14 and capable of producing depressed GH levels in those with a genetic susceptibility to GH deficiency?
Although previous estimates of the prevalence of GH deficiency have ranged from 1 in 30 000 to 1 in 10 00013 1417 we found the prevalence to be about 1 in 4000. Our results clearly indicate that professional inactivity rather than a lack of parental concern was responsible for many of the missed diagnoses in this series. For instance the parents of children with GH deficiency were more likely to seek medical advice than the parents of constitutionally short children, but fewer than half (4 out of 9) had appropriate diagnostic investigations initiated. If all 9 had been investigated case-finding by practitioners independent of this study would have been doubled. These findings bear out the adage 'If parents suspect something is wrong, it probably is'. GH deficiency is one of the most common organic causes of short stature. In a non-disadvantaged community ( 
